The recent completion and assembly of the first draft of the human genome, which combines samples from several ethnically diverse males and females, provides preliminary data on the extent of human genetic variation. comment reviews reports deposited research interactions information refereed research
On June 26, 2000 at the White House, Craig Venter, Celera Genomics president and chief scientific officer, announced that the complete human genome had been assembled, using the whole-genome shotgun-sequencing method, in only nine months [1] . But what did he mean by the human genome? In fact, the Celera research group sequenced a composite genome composed of three females and two males who identified themselves as African-American, Asian, Caucasian, and Hispanic. During his announcement, Venter explained that this sampling and the sequences generated from it, help illustrate that the concept of race has no genetic or scientific basis. Numerous articles have appeared in the popular press since then with titles such as Do Races Differ? Not Really, Genes Show [2] . Do Celeras data indeed demonstrate this?
Celeras method of whole-genome shotgun sequencing allowed for the rapid discovery of hundreds of thousands of single nucleotide polymorphisms (SNPs). SNPs are less variable than microsatellite markers which have previously been widely used to characterize human molecular variation and evolution (see, for example, [3, 4] ), although they are also much more common and less mutationally complex [5, 6] . In September 1998, the US National Center for Biotechnology Information (NCBI) created the Single Nucleotide Polymorphism database (dbSNP [7, 8] ) in order to gather widely disparate research groups efforts into a common format that was readily accessible. Two years on, Celera launched its SNP database [9] . The first release of this database (September 2000) contains 2.4 million unique SNPs that are not found in the public databases [9] . So, taking these together with 400,000 non-redundant SNPs from the public databases, there now are over 2.8 million SNPs characterized throughout the human genome. Will this new resource tell us anything new about human variation?
Prior to the SNP-gathering efforts, what was known about the patterns of human variation? Since the initial discoveries of blood-group typing during the first half of the twentieth century, blood-group analyses have led to various characterizations of the number of distinct human groups, such as Snyders seven-way division [10] . Livingstones work on the genetics and distribution of hemoglobin variants related to malaria and sickle-cell anemia exemplified much of the work of the 1950s and 1960s [11] . Lewontin [12] , using a population geneticists perspective, analyzed in 1972 the then relatively large body of data on blood groups and protein variants representing a total of 17 loci. He found that 85% of all human variation is found between individuals within a nation or tribe. An additional 8% is found between populations within races and only 6% between the races (defined in the broadest tripartite sense -Caucasoid, Negroid, and Mongoloid in Lewontins parlance). This pattern seemingly contradicts our visual perceptions of the differences between groups from different areas around the world. Is it an artifact of using protein and blood-group data? The answer is no. Barbujani et al. [13] surveyed 16 populations from around the world for 109 DNA markers (30 microsatellites and 79 restriction-fragment length polymorphisms, RFLPs) and found that 84.4% of worldwide variation in these markers could be found between members of the same population while less than 10% of the variation was between major races.
What accounts for this pattern of diversity? It arises because, as it turns out, humans have a rather interesting evolutionary history. While some paleoanthropologists have been proposing a relatively recent origin for our species, it was not until the late 1980s that analyses of molecular data began to reveal just how recent was our shared common ancestor. The formerly generally accepted -though theoretically improbable -multiregional theory of modern human origins saw our ancestors migrating out of Africa over one million years ago into the different regions of the Old World. Anatomically modern humans then evolved in each of these regions from those original archaic migrants, although enough gene flow took place between the regions to maintain the continuity of our species.
Cann, Stoneking, and Wilson [14] , after analyzing mitochondrial DNA restriction patterns from 145 individuals representing populations from around the world, inferred that all human mitochondrial DNA traces its common ancestry to an African population that lived around 200,000 years ago. Although there were analytical problems with this and subsequent studies, recent studies based on mitochondrial DNA continue to reach this same conclusion (see [15] and references therein). Hammer [16] and numerous researchers sequencing and typing the Y chromosome have reached similar conclusions of an approximately 200,000 year-old African origin for modern human Y chromosome variation. Many studies of autosomal variation, including those of Bowcock et al. [3] and Jorde et al. [17] , offer support for a recent African origin. Molecular estimates suggest that populations did not expand out of Africa until around 100,000 years ago (see [18] for a recent discussion) which is consistent with the human fossil record [19] . Thus, there has been nearly twice as long for variation to accumulate in sub-Saharan Africa as in the rest of the world.
This then leads us back to Celeras sample. What strategy would best represent world-wide genetic diversity? A formal project has been proposed, the Human Genome Diversity Project [20] , with the aim of collecting samples and data from a wide range of populations throughout the world thought to best represent human diversity. While not without controversy [21, 22] , this proposal is still being modified and developed to deal with various ethical concerns. Until such sampling is available, Celeras five-person sample should be viewed as only the first step in characterizing human diversity.
Given the patterns of human molecular variation and our evolutionary history described here, a scientifically -though perhaps not politically -more viable strategy would be to examine many more sub-Saharan Africans than non-Africans, because sub-Saharan African populations can be expected to represent the majority of all human variation. Furthermore, if samples are to represent different regions of the world, they should be gathered from those regions themselves, not from within a population as mixed as that of the United States. About 20% of Americans have close relatives from racial groups different from their own, on the basis of household survey data [23] . Molecular estimates of the European contribution to the African-American gene pool range from lows of around 7% in Jamaica, up to 26% in some North American cities [24] . Ancestry among the population who identify as Hispanic can be very mixed, although generally with a very significant European component (see, for example, [25] ). Asian Americans similarly have high intermarriage rates [23] . Thus, the self-identified ethnicity of Celeras donor pool in all likelihood dramatically over represents the European gene pool while underestimating the most variable region of the world, sub-Saharan Africa.
While Venter surely spoke from the heart when he stated that We did this initial sampling, not in an exclusionary way, but out of respect for the diversity that is America... (White House Press Conference, 26 June 2000), a more accurate sampling of human diversity needs to take into account our evolutionary history and known patterns of variation among current human populations. A human diversity project that takes into account the various ethical and legal issues raised has been made far more tractable by the groundwork laid by Celera and the publicly funded Human Genome Organizations impressive accomplishments, not only in sequencing the human genome but also in beginning to use it as a map to discover the full extent of human genetic diversity.
